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An adhesive composition comprising a thermosetting powder adhesive (50) adhered to a thermoplastic non-woven web adhesive 
(20) and processes for making the same. The thermosetting powder adhesive (50) is preferably a polyester, a polyester-polyurethane. an 
epoxy or an epoxy-polyester hybride. The thermoplastic non-woven web adhesive (20) is preferably an ethylene-vinyl acetate copolymer, 
a polyester, a polyolefin, or a polyamide. The adhesive composition provides superior bonding between vinyl and/or cloth coverings and 
a variety of surfaces including metal, plastic, rubber and wood. There is also disclosed herein a composite article (190) that comprises an 
adhesive layer (170) made from the aforementioned adhesive composition and a substrate layer (200), and processes for making the same. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the P;CT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/10802 



PCT/US99/18723 



ADHESIVE COMPOSITION, ARTICLE, AND PROCESSES OF 

MANUFACTURE 



5 Technical Field 

The instant invention relates to adhesives, composite articles containing 
adhesives, and processes of making the same. More particularly, the instant 
invention relates to an adhesive composition comprising a thermosetting powder 
adhesive adhered to a two-stage thermoplastic non-woven web adhesive, composite 
10 articles containing said adhesive, and processes of making the same. 

Background Art 

Cloth and/or vinyl coverings are used in a number of industries, notably the 
automotive industry, as protective and decorative outer surface materials. For 
15 example, internal automotive parts including seats, dashboards, and door panels are 

generally covered with a cloth and/or vinyl covering. However, the covering is not 
naturally adherent to the metal, plastic, rubber and/or wood application surfaces. 
Therefore, an intermediate layer of adhesive is used to bind the covering to the 
application surfaces. 

20 A wide variety of adhesives have been employed as the intermediate binding 

layer. These adhesives include thermoplastic powders, films, webs, and hot melt 
adhesives, as well as thermosetting water based and solvent based liquid adhesives. 
Unfortunately, every adhesive employed to date comes with its own unique set of 
problems. For example, thermoplastic powders, films, webs and hot melts must be 

25 applied in accordance with very restrictive time and temperature parameters and 

yield poor heat resistance. In addition, liquid adhesives require the use of bulky and 
expensive spraying equipment, and related cleaning and overspray disposal systems, 
for effective application. 

More importantly, many of the adhesives employed to date exhibit premature 

30 bond failure. After several years the bond formed by the adhesive fails. This causes 

the covering to peel and results in an unsightly product that must either be patched 
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or replaced. In the automotive industry this is a huge problem because the average 
life span of a car is generally exceeds the life span of the adhesive. There is, 
therefore, a great need in the automotive art for a commercially viable adhesive that 
exhibits superior bond strength. 

Such an adhesive would, have use in any art wherein two incompatible 
materials need to be bonded. For example, such an adhesive could be used in 
combination with stiching to connect two portions of a cloth garment. 

Summary of the Invention 

The instant invention provides an adhesive with superior bond strength, heat 
resistance, compatibility and processability. The adhesive comprises a 
thermosetting powder adhesive that is adhered to a thermoplastic non-woven web 
adhesive. The adhesive is prepared by contacting the powder adhesive and the web 
adhesive and then laminating the two adhesives together by applying heat and, 
optionally, pressure. 

In addition, the instant invention provides a composite article comprising a 
substrate layer, such as vinyl or cloth, and an adhesive layer comprising the 
aforementioned adhesive composition. The composite article is made by laminating 
one or more thermoplastic non-woven web adhesives onto a substrate and then 
contacting a thermoplastic powder adhesive to the laminated web adhesive(s) The 
resulting product is then laminated together by applying heat and, optionally, 
pressure. 

Using the instant invention, vinyl, cloth and a variety of other materials are 
more effectively bonded to each other and to metal, plastic, rubber, wood and a 
variety of other surfaces. In the automotive industry, this means that a customer can 
buy a car with the full expectation that the protective and decorative interior 
coverings will not peel during the car ! s lifetime. In the clothing industry, this means 
that the stiching used to connect different portions of a cloth garment can be more 
effectively reinforced. These and other features and advantages of the invention are 
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described in, or are apparent from, the following detailed description of the 
preferred embodiments. 

Brief Description of the Drawings 

The preferred embodiments of the invention will be described in detail with 
reference to the following figures, wherein like numerals refer to like elements, and 
wherein: 

FIG. 1 is a schematic representation of a belt laminator for use in preparing 
an adhesive composition in accordance with the instant invention; 

FIG. 2 illustrates an inventive composite article and, additionally, provides 
an expanded view of a circular section from the uppermost adhesive layer of said 
composite article; 

FIG. 3 shows a belt laminator for use in producing an inventive composite 

article; 

FIG. 4 is a representation of a composite article according to the instant 
invention that comprises multiple adhesive layers and, additionally, provides an 
enlarged view of a circular section from the uppermost adhesive layer of said 
composite article; and 

FIG. 5 visually details a belt laminator for use in preparing an inventive 
composite article comprising multiple adhesive layers. 

Disclosure of the Invention 

L Adhesive Composition and Process of Making the Same 
An adhesive composition has been developed that can be packaged and sold 
for use in binding two otherwise incompatible materials. The word "incompatible," 
as used in this application, means that the materials do not naturally adhere to one 
another. Conversely, the word "compatible," as used in this application, means that 
the materials naturally adhere to one another. The adhesive composition comprises 
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a thermosetting powder adhesive component that is adhered to a thermoplastic non- 
woven web adhesive component. 

The thermosetting powder adhesive component is not particularly limited. 
Any of the many thermosetting powder adhesives known in the art may be 
employed including, but not limited to, polyesters, polyester-polyurethanes, epoxies, 
and epoxy-polyester hybrids. Most preferably, the powder adhesive is a polyester- 
polyurethane such as Purbond™ HCM VN 555 and HCM VN 559, which are 
commercially available products made by Collano. 

The thermoplastic non-woven web adhesive component is also not 
particularly limited. Any of the many thermoplastic non-woven "hot-melt" web 
adhesives known in the art may be employed. Typical hot-melt adhesives include, 
but are not limited to, ethylene-vinylacetate copolymers (EVAs), polyesters, 
polyolefins such as polyethylene, and polyamides such as nylon copolymers. The 
choice of web adhesive depends mainly on the materials to be bonded. For 
example, an ethylene- vinyl acetate web is superior for bonding vinyl to wood, but a 
polyester or polyamide web is superior for bonding vinyl to acrylonitrile-butadiene- 
styrene (ABS) rubber. The most versatile web adhesives are nylon copolymers such 
as PA-1001 which is commercially available from Spunfab Adhesive Products. 
Preferably, the web adhesive is in the form of a sheet that can be processed 
according to typical large scale manufacturing processes such as belt lamination. 
Alternatively, the web can be in the form of a slitted film. Such films contain 2 to 3 
mil. slits that open up to form a perforated web upon heating. 

The combination of a thermosetting powder adhesive and thermoplastic web 
adhesive to form an adhesive composition provides many advantages over the prior 
art. For example, the inventive adhesive composition exhibits superior bond 
strength. In fact, the bond strength provided by the instant adhesive composition is 
often so high that it exceeds the structural failure point of one or both of the bonded 
substrates. This is especially true in applications where cloth and/or vinyl are 
bonded to either ABS rubber or wood panels. In addition, the instant adhesive 
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composition provides higher heat resistance than that obtained using conventional 
adhesives. The adhesive composition generally exhibits a heat resistance as high as 
400 °C. The combination of a thermoplastic and thermosetting adhesive also 
increases the adhesive composition's substrate compatibility and versatility as 
compared to single component thermosetting adhesives. This is because the 
thermoplastic component are often compatible with substrates that are generally 
incompatible with thermosetting adhesives. Finally, the adhesive is easy to process 
- requiring no treatment steps beyond the initial application of heat and pressure. 
Thus, products formed from substrates bonded with the instant adhesive can be 
demolded faster than products formed from substrates bonded with conventional 
adhesives. 

The adhesive composition is easily produced by first contacting the two 
primary components, namely the thermoplastic non-woven web adhesive and the 
thermosetting powder adhesive, to form an intermediate product. For example, the 
powder adhesive may be sprinkled onto an exposed surface of the web adhesive. 
This causes the powder adhesive to sit loosely on top of the application surface. In 
addition, because of the open nature of the web adhesive, the powder adhesive 
thoroughly penetrates the fibers of the web adhesive. In fact, some of the powder 
adhesive will fall through the gaps in the web adhesive. 

In a belt lamination process, the powder that falls through the web adhesive 
coats the underlying revolving belt used to guide the web adhesive through the 
laminator. When the coated belt returns to guide another section of web adhesive 
through the laminator, the powder adhesive on the surface of the belt will contact, 
and adhere to, the underside of the web adhesive. Thus, although powder adhesive 
may be applied to only one side of the web adhesive during belt lamination, both the 
front and back surfaces of the web adhesive become coated with powder adhesive. 

Next, the resultant intermediate product is heated to a temperature sufficient 
to at least partially, and preferably fully, melt the powder adhesive so that it flows 
around to encapsulate the filaments of the web adhesive and bonds to the web 
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adhesive. For example, for a combination of Puibond™ HCM VN 555 powder and 
PA-1001 web, the heating temperature is between 65° C and 70° C. It is critical that 
this heating step is conducted at a temperature greater than, or equal to, the melting 
temperature of the powder adhesive. Otherwise, the powder adhesive will not melt 
and, therefore, will not encapsulate and adhere to the web adhesive. Preferably, the 
heating step is conducted at a temperature slightly greater than (within 5° C), or 
equal to, the melting temperature of the powder adhesive. This prevents any 
inadvertent low temperature curing of the powder adhesive. It is also critical that 
this heating step is conducted below the typical curing temperature of the powder 
adhesive. Curing results in a hardened and infusible mass that is virtually useless as 
an adhesive. It is not critical, but it is certainly preferred, to utilize a heating 
temperature below the melting temperature of the web adhesive. Otherwise, the 
web adhesive will melt along with the powder adhesive forming a liquid 
composition that is difficult to process by conventional manufacturing techniques, 
such as belt lamination. 

Optionally, the intermediate product may be subjected to pressure to enhance 
infiltration of the powder adhesive into the web adhesive's fibers. Pressure can be 
provided by any known means such as a press or pinch rolls. 

The intermediate product is then cooled to solidify the melted powder 
adhesive and to set the bonds of the powder adhesive to the web adhesive. The 
result is an adhesive composition comprising a thermosetting powder adhesive that 
is adhered to a thermoplastic non-woven web adhesive. 

FIG, 1 is a schematic representation of a belt laminator 10 useful in 
preparing the adhesive composition. In FIG. 1, a sheet of thermoplastic non-woven 
web adhesive 20 is unrolled horizontally from a web adhesive supply roll 30 onto a 
belt 40. A thermosetting powder adhesive 50 is then applied onto an exposed 
surface of the web adhesive 20. Application of the powder adhesive 50 is 
accomplished by pouring the powder adhesive 50 from a feed hopper 60 into a flow 
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and distribution device 70, such as a pitted roller 72 with vibrating brush 74. The 
flow and distribution device 70 serves to dispense the powder onto the web adhesive 
20 at a controlled rate. For example, if the flow and distribution device comprises a 
pitted roller 72 with vibrating brush 74, the rate of powder distribution can be 
controlled by varying the speed of the pitted roller 72 and/or the speed of the 
vibrating brush 74. Alternatively, the powder adhesive 50 can be applied using a 
star valve as the flow and distribution device, or can be applied directly from the 
feed hopper 60 onto the web adhesive 20. The resulting assemblage is an 
intermediate product 80 comprising the web adhesive 20 and the loose powder 
adhesive 50. 

The intermediate product 80 is then passed through a heating zone 90 where 
it is heated by heating elements 100 and 110 to a temperature slightly greater than or 
equal to the melting temperature of the powder adhesive 50 but less than the curing 
temperature of the powder adhesive 50 and the melting temperature of the web 
adhesive 20. Generally, a temperature of 70° C is satisfactory. Heating elements 
100 and 110 can be selected from a wide variety of heating devices known in the art 
including conductive, convective and radiant heating devices. However, conductive 
heating devices that operate using indirect heat exchange mechanisms are preferred. 

Next, pressure is applied to the intermediate product 80 by passing the 
intermediate product 80 between pinch rolls 120 and 130. Generally, pinch rolls 
120 and 130 are calibrated to exert a pressure on the intermediate product 80 of 
approximately 6 N/cm 2 . 

Finally, the intermediate product 80 is cooled in a cooling zone 140 by 
cooling means 150 and 160. Generally, cooling is conducted at a temperature of 15° 
C to 25° C. Any cooling devices may be employed but, preferably, the cooling 
devices operate according to conductive heat exchange. The final product is a sheet 
of adhesive composition 170 which is wound into a roll by adhesive take-up roll 
180. 
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The adhesive composition produced according to the instant invention is 
useful in binding together incompatible materials. Incompatible materials are bound 
by simultaneously contacting each material to be bound with the adhesive 
composition and then heating the adhesive composition to a temperature equal to or 
5 greater than the curing temperature of the powder adhesive component. Generally, 

temperatures greater than or equal to 140 °C will suffice. This serves to melt the 
thermoplastic web adhesive component and adhere it to both materials. 
Simultaneously, the thermosetting powder adhesive component will melt, adhere to 
both materials, and set into a hard, infusible, insoluble, cured product The adhesive 

10 composition is then cooled to allow the thermoplastic web adhesive component to 

set into a fusible product. 

A wide variety of materials can be bonded by the adhesive composition of 
the instant invention. In example, cloth and/or vinyl may be bound to each other 
and to metal, plastic, rubber and/or wood. As used herein, the word "vinyl" covers 

15 any of the polyvinyl resins and polymers (e.g. vinyl plastics) derived by the 

polymerization or copolymerization of vinyl monomers having the formula 
CH=CHR wherein R may be any functionality. Acceptable vinyl monomers 
include, but are not limited to, vinyl chloride, vinyl acetate, vinylidine chloride, 
acrylates such as methyl acrylate, methacrylates such as methyl methacrylate, 

20 acrylonitrile, styrene, and vinyl ethers. 

The bonds formed by the adhesive composition between the two materials 
exhibit exceptionally high bond strength and heat resistance. For example, when an 
adhesive composition formed from Purbond™ HCM VN 555 powder and PA-1001 
web is used to bond vinyl and ABS rubber, the bond strength is at least 1 N/cm 2 and 

25 may be higher than the point of structural failure for the bonded vinyl and/or ABS. 

Furthermore, the same bonded vinyl and ABS composite will exhibit a heat 
resistance ranging from 350° C to 400° C. 



n. Composite Article and Proc gss of Making the Same 
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Alternatively, the adhesive composition can be manufactured and sold in 
combination with a material to which it is designed to be adherent as part of an 
adherable composite article. 

FIG. 2 illustrates an inventive composite article 190. In FIG. 2, a substrate 
layer 200 is adhered to an adhesive layer 170 that is superimposed on one surface of 
the substrate layer 200. The adhesive layer 170 has an exposed adherent surface 210 
on the side opposite the substrate layer 170. The adhesive layer 170 serves to bond 
the substrate layer 200 to a wide variety of application surfaces when the exposed 
adherent surface 210 is contacted to the application surfaces. 

FIG. 2 also comprises an expanded view 215 of a circular portion of the 
adhesive layer 170 of the composite article 190. The expanded view 215 shows that 
the adhesive layer 170 comprises a thermosetting powder 50 impregnated in, and 
bound to, the fibers of a thermoplastic non-woven web 20. 

The substrate layer may be any of a wide variety of flexible materials. Cloth 
and vinyl are the most evident examples. Preferably, the substrate layer is in the 
form of a sheet material so that it can be processed using typical large scale 
manufacturing techniques such as belt lamination. 

The adhesive layer is actually synthesized on top of the substrate layer rather 
than applied to the substrate layer as a preformed product. This is accomplished by 
first layering a thermoplastic non-woven web adhesive onto one surface of the 
substrate layer. 

Next, while the substrate layer and the web adhesive remain in contact, they 
are heated to a temperature sufficient to melt the web adhesive and, thereby, adhere 
the web adhesive to the substrate layer. In general, this step can be accomplished by 
using temperatures ranging anywhere from 95° C to 135° C. Optionally, the 
substrate and web adhesive are also subjected to pressure. Pressure can be provided 
by any known means such as a press or pinch rolls . The substrate and web adhesive 
are then cooled to set the bonds of the web adhesive to the substrate. The result is a 
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first intermediate product comprising a substrate layer and an adhered adhesive 
consisting of a thermoplastic non-woven web adhesive. 

The web adhesive is then contacted with a thermosetting powder adhesive to 
form a second intermediate product. The second intermediate product comprises a 
substrate layer and an adhered adhesive layer comprising an adhered web adhesive 
component and a loose powder adhesive component. This step is easily 
accomplished by sprinkling powder adhesive onto an exposed surface of the web 
adhesive. The powder adhesive sits loosely on the application surface. In addition, 
because of the open nature of the web adhesive, the powder adhesive penetrates 
through the fibers of the web adhesive and sits directly on the substrate. 

The second intermediate product is heated at a temperature sufficient to at 
least partially, and preferably folly, melt the powder adhesive so that it flows on the 
filaments of the web adhesive and bonds to the web adhesive. The temperature 
utilized should be greater than (preferably within 5°C), or equal to, the melting 
temperature of the powder adhesive but less than the curing temperature of the 
powder adhesive and the melting temperature of the web adhesive. Generally, this 
step can be conducted at a temperature between 65°C and 95°C 

Optionally, the second intermediate product is also subjected to pressure to 
enhance infiltration of the powder adhesive into the web adhesive's fibers. Pressure 
can be provided by any known means such as a press or pinch rolls. 

The second intermediate product is then cooled to solidify the melted 
powder adhesive and set the bonds of the powder adhesive to the web adhesive. 
The result is a composite article comprising a substrate layer and an adhesive layer 
bound to a surface of the substrate layer. The adhesive layer comprises a 
thermosetting powder adhesive component that is impregnated in, and adhered to, a 
thermoplastic non-woven web adhesive component. 

FIG. 3 shows a belt laminator 220 for use in preparing the composite article. 
In FIG. 3, a sheet of substrate 200, such as vinyl or cloth sheet, is fed along a 
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horizontal plane onto a belt 40 f from a substrate supply roll 230. A sheet of 
thermoplastic non-woven web adhesive 20 is then unwound along a horizontal plane 
and layered onto an exposed surface of the substrate 200 from a web adhesive 
supply roll 30. 

The web adhesive 20 and substrate 200 are then passed, in combination, 
through heating zone 90 f where they are heated by heating elements 100 1 and 110' to 
a temperature greater than or equal to the melting temperature of the web adhesive. 
Generally, a temperature of 120° C will suffice. Heating elements 100' and 110' 
can be selected from a wide variety of heating devices known in the art including 
conductive, convective and radiant heating devices, however, conductive heating 
devices that operate using indirect heat exchange mechanisms are preferred. 

Next, pressure is applied to the web adhesive 20 and substrate 200 by 
passing them between pinch rolls 120' and 130'. Generally, pinch rolls 120* and 
130' are calibrated to exert a pressure of approximately 6 N/cm 2 . 

The web adhesive 20 and substrate 200 are then cooled in a cooling zone 
140' by cooling means 150 f and 160'. Generally, cooling is conducted at a 
temperature of 15° C to 25° C. A variety of cooling mechanisms may be employed, 
however, cooling mechanisms that operate using an indirect heat exchange 
mechanism are preferred. 

The result is the formation of a first intermediate product 240 comprising a 
substrate layer and an adhered web adhesive layer. This first intermediate product is 
passed onto belt 40" where a thermosetting powder adhesive 50 is applied onto the 
web adhesive layer of the first intermediate product 240. Application of the powder 
adhesive 50 is accomplished by pouring the powder adhesive 50 from a feed hopper 
60 into a flow and distribution device 70, such as a pitted roller 72 and vibrating 
brush 74. The flow and distribution device 70 then dispenses the powder adhesive 
50 onto the web adhesive layer of the first intermediate product 240 at a controlled 
rate. For example, if the flow and distribution device comprises a pitted roller 72 
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with vibrating brush 74, the rate of powder distribution can be controlled by varying 
the speed of the pitted roller 72 and/or the speed of the vibrating brush 74. 
Alternatively, the powder adhesive 50 can be applied using a star valve as the flow 
and distribution device, or can be applied directly from the feed hopper 60 onto the 
web adhesive layer of the first intermediate product 240. The resulting assemblage 
is a second intermediate product 250 comprising a substrate layer and an adhered 
web adhesive layer containing loose powder adhesive. 

The second intermediate product 250 is then passed through a second 
heating zone 90" where it is heated by heating elements 100" and 110" to a 
temperature slightly greater than or equal to the melting temperature of the powder 
adhesive 50 but less than the curing temperature of the powder adhesive 50 and the 
melting temperature of the web adhesive 20. Generally, a temperature of 70° C is 
satisfactory. Heating elements 100" and 110" can be selected from a wide variety of 
heating devices known in the art including conductive, convective and radiant 
heating devices. However, conductive heating devices that operate using an indirect 
heat exchange mechanisms are preferred. 

Next, pressure is applied to the second intermediate product 250 by passing 
the second intermediate product 250 between pinch rolls 120" and 130". Generally, 
pinch rolls 120" and 130" are calibrated to exert a pressure on the second 
intermediate product 250 of approximately 6 N/cm 2 . 

Finally, the second intermediate product 250 is cooled in a second cooling 
zone 140" by cooling means 150" and 160". Generally, cooling is conducted at a 
temperature of 15° C to 25° C. A variety of cooling mechanisms may be employed, 
however, cooling mechanisms that operate using an indirect heat exchange 
mechanism are preferred. The final product is a sheet of the composite article 260 
that is rolled by a composite article take-up roll 270. 

The composite article of this invention can be bound to a variety of 
application surfaces to provide a protective or decorative cover thereon. Suitable 
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application surfaces include vinyl, cloth, metal, plastic, rubber, and wood. The 
composite article is bound by contacting the exposed adherent surface of the 
adhesive layer to the application surface. Then, while still contacting the 
application surface, the composite article is heated to a temperature equal to or 
greater than the curing temperature of the powder adhesive component in the 
adhesive layer. Generally, temperatures greater than or equal to 140 °C will suffice. 
This temperature should serve to melt the thermoplastic web adhesive component of 
the adhesive layer and adhere the layer to the application surface. Simultaneously, 
the thermosetting powder adhesive component of the adhesive layer will melt, 
adhere to the application surface, and set into a hard, infusible, insoluble, cured 
product. The composite article is then cooled to allow the thermoplastic web 
adhesive component to set into a fusible product. 

The bonds formed exhibit high bond strength and heat resistance. For 
example, a composite article comprising a vinyl substrate layer and an adhesive 
layer of Purbond™ HCM VN 555 powder in combination with PA- 1001 web, 
forms a bond with ABS rubber that has a bond strength of at least 1 N/cm 2 and that 
may be higher than the point of structural failure for the bonded vinyl and/or ABS. 
Furthermore, the same composite exhibits a heat resistance ranging from 350° C to 
400° C. 

Although generally the composite article employs only one adhesive layer, 
two or more adhesive layers can be utilized. The use of multiple adhesive layers is 
necessary when the adhesive layer of the composite article is incompatible with the 
desired application surface. Incompatibility in the adhesive is usually due to the use 
of an incompatible thermoplastic non-woven web adhesive component. In order to 
rectify this problem, one or more additional thermoplastic non-woven web adhesive 
components are laminated onto the adhesive layer. The additional web adhesives 
are compatible with the first web adhesive but contain enough structural differences 
to also make them compatible with the desired application surface. Thermosetting 
powder adhesive is then adhered to the additional web adhesives. 
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FIG. 4 shows a composite article 280 that has multiple adhesive layers. In 
FIG. 4, a substrate layer 200 is adhered to a first adhesive layer 170' that has been 
superimposed on one surface of the substrate layer 200. The first adhesive layer 
170' is adhered to a second adhesive layer 170" that has been superimposed on the 
5 side of the first adhesive layer 170' that is opposite the substrate layer 200. The 

second adhesive layer 170" has an exposed adherent surface 210 on the side 
opposite the first adhesive layer 170'. This exposed adherent surface 210 serves as 
the point for adhering the composite article 280 to various application surfaces. The 
adhesive layers 170' and 170" are identical with the exception that each adhesive 

10 layer contains a different thermoplastic non-woven web adhesive component. 

FIG, 4 also comprises an expanded view 215 of a circular portion of the 
adhesive layer 170" of the composite article 190. The expanded view 215 shows 
that the adhesive layer 170" comprises thermosetting powder 50 impregnated in, and 
bound to, the fibers of a thermoplastic non-woven web 20. 

15 FIG. 5 illustrates a belt laminator 290 for use in preparing a composite 

article having multiple adhesive layers. In belt laminator 290, two sheets of web 
adhesive 20* and 20" are unrolled from two web adhesive rolls 30' and 30", 
respectively. The first web adhesive 20 f is adherent to the substrate layer. The 
second web adhesive 20" is adherent to both first web adhesive 20' and the 

20 application surface to which the composite article is to be bonded. The two web 

adhesives, 20' and 20", are pressed together prior to applying either web adhesive to 
the substrate by a pinch roll 300. In all other respects the belt laminator 290 is 
identical to the belt laminator 220 in FIG. 3. 

While the invention has been described in conjunction with the specific 

25 embodiments outlined above, it is evident that many alternatives, modifications, and 

variations will be apparent to those skilled in the art. Accordingly, the preferred 
embodiments of the invention are intended to be illustrative and not limiting. 
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Various changes may be made without departing from the spirit and scope of the 
invention as defined in the following claims. 
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CLAIMS 

1 . A process for preparing an adhesive composition comprising the 
following steps: 

(i) providing a thermoplastic non-woven web adhesive; 

(ii) providing a thermosetting powder adhesive; 

(iii) contacting the powder adhesive and the web adhesive to form an 
intermediate product comprising the web adhesive and loose powder adhesive; 

(iv) heating the intermediate product at a temperature greater than or 
equal to the melting temperature of the powder adhesive but less than the curing 
temperature of the powder adhesive and the melting temperature of the web 
adhesive; 

(v) optionally, applying pressure to the intermediate product; and 

(vi) allowing the intermediate product to cool 

2. The process of claim 1, wherein the thermoplastic non-woven web 
adhesive is a sheet or slitted film. 

3. The process of claim 1 , wherein the thermoplastic non-woven web 
adhesive comprises a material selected from the group consisting of ethylene- 
vinylacetate copolymers, polyesters, polyolefins, and polyamides. 

4. The process of claim 1 , wherein the thermosetting powder adhesive 
comprises a material selected from the group consisting of polyesters, polyester- 
polyurethanes, epoxies, and epoxy-polyester hybrids. 

5. The process of claim 1, wherein the heating in step (iv) is performed 
by an indirect heat exchange mechanism. 

6. The process of claim 1 , wherein the heating in step (iv) is performed 
at a temperature between 65° C and 95°C. 

7. The process of claim 1 , wherein the pressure in step (v) is supplied in 
the amount of approximately 6 N/cm 2 . 

8. The process of claim 1 , wherein the cooling in step (vi) is performed 
by an indirect heat exchange mechanism. 
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9. The process of claim 1 , wherein the cooling in step (vi) is performed 
at a temperature ranging from 15°C to 25° C. 

10. The process of claim 1, wherein steps (i) through (vi) are conducted 
using a belt laminator. 

1 1 . An adhesive composition prepared by the process of claim 1 . 

12. An adhesive composition comprising a thermosetting powder 
adhesive that is adhered to a thermoplastic non-woven web adhesive. 

13. A process for preparing a composite article comprising the following 

steps: 

(i) providing a substrate; 

(ii) providing at least one thermoplastic non-woven web adhesive; 

(iii) layering the web adhesive(s) onto the substrate; 

(iv) heating the web adhesive(s) and the substrate at a temperature greater 
than or equal to the melting temperature of the web adhesive(s); 

(v) optionally, applying pressure to the web adhesive(s) and the 
substrate; 

(vi) allowing the web adhesive(s) and the substrate to cool, to create a 
first intermediate product comprising a substrate layer and adhered web adhesive 
layer(s); 

(vii) providing a thermosetting powder adhesive; 

(viii) contacting the powder adhesive and the first intermediate product's 
web adhesive layer(s) to create a second intermediate product comprising a substrate 
layer and adhered web adhesive layer(s) containing loose powder adhesive; 

(ix) heating the second intermediate product at a temperature greater than 
or equal to the melting temperature of the powder adhesive but less than the curing 
temperature of the powder adhesive and the melting temperature of the web 
adhesive(s); 

(x) optionally, applying pressure to the second intermediate product; and 

(xi) allowing the second intermediate product to cool. 
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14. The process of claim 1 3, wherein the substrate is a flexible sheet. 

15. The process of claim 13, wherein the substrate is selected from the 
group consisting of vinyl and cloth. 

16. The process of claim 13, wherein the substrate is vinyl. 

17. The process of claim 13, wherein each thermoplastic non-woven web 
adhesive is a sheet or slitted film. 

1 8. The process of claim 13, wherein each thermoplastic non-woven web 
adhesive comprises a material selected from the group consisting of ethylene- 
vinylacetate copolymers, polyesters, polyolefins, and polyamides. 

1 9. The process in claim 13, wherein the heating in steps (vi) and (ix) is 
performed by an indirect heat exchange mechanism. 

20. The process in claim 1 3, wherein the heating in step (iv) and (ix) is 
performed at a temperature ranging from 95° C to 1 35°C. 

2 1 . The process in claim 1 3, wherein the pressure in steps (v) and (x) is 
approximately 6 N/cm 2 . 

22. The process in claim 13, wherein the cooling in steps (vi) and (ix) is 
performed by an indirect heat exchange mechanism. 

23. The process in claim 13, wherein the cooling in step (vi) and (ix) is 
performed at a temperature ranging from 15° C to 25° C. 

24. The process of claim 1 3 wherein the thermosetting powder adhesive 
comprises a material selected from the group consisting of polyesters, polyester- 
polyurethanes, epoxies, and epoxy-polyester hybrids. 

25. The process of claim 13, wherein steps (i) through (vi) are conducted 
using a belt laminator. 

26. A composite article prepared by the process in claim 1 3. 

27. A composite article comprising the following components: (a) a 
substrate layer; and (b) an adhesive layer bound to a surface of the substrate layer 
comprising a thermosetting powder adhesive component that is adhered to one or 
more thermoplastic non-woven web adhesive component(s). 
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28. A process for preparing a composite article comprising the following 

steps: 

(i) providing a sheet of vinyl substrate; 

(ii) providing a sheet or slitted film of at least one thermoplastic non- 
woven web adhesive selected from the group consisting of ethylene-vinylacetate 
copolymers, polyesters, polyolefins, and polyamides; 

(iii) layering the web adhesive(s) onto the substrate; 

(iv) heating the web adhesive(s) and the substrate at a temperature 
ranging from 95° C to 135° C, 

(v) applying pressure to the web adhesive(s) and the substrate; 

(vi) allowing the web adhesive(s) and the substrate to cool to create a first 
intermediate product comprising a substrate layer and adhered web adhesive layers); 

(vii) providing a thermosetting powder adhesive comprising a material 
selected from the group consisting of polyesters, polyester-polyurethanes, epoxies, 
and epoxy-polyester hybrids; 

(viii) contacting the powder adhesive and the first intermediate product's 
adhesive layer to create a second intermediate product comprising a substrate layer 
and adhered web adhesive layers) containing loose powder adhesive; 

(ix) heating the second intermediate product at a temperature between 65° 
C and 95° C; 

(x) optionally, applying pressure to the second intermediate product; and 

(xi) allowing the second intermediate product to cool. 

29. A composite article prepared by the process in claim 28. 
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